There is great controversy over the notion of a disorder in which the victim develops wide-ranging symptoms to many unrelated chemicals at conventionally subtoxic exposure levels, but through toxicologic mechanisms (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . The notion implies that many common chemical exposures are pathologic (i.e., that structure or function are altered) for a subset of people and, in order for the pathology to occur, processes of sensitization and/or amplification occur. Proponents of this concept call the phenomenon multiple chemical sensitivity (MCS), environmental illness, 20th century Most of the literature describing people who report symptoms attributed to low level chemical exposure comes from occupational or environmental clinics or personal accounts. There is little peer-reviewed literature that has demonstrated sufficiently strong objective correlates of reported symptoms, nor is there literature demonstrating a new mechanism for symptom causation from chemical exposure despite some creative speculation about exposure routes in the body, sensitive tissues, and amplification processes (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . As a result, causal hypotheses for MCS range widely between psychological and physiological mechanisms.
As state health department officials, we are frequently asked about chemical sensitivities following chemical spills, during hazardous waste site remediation, during "sick building" investigations, and concerning pesticide exposures at the agricultural/residential interface. To help us develop ways to study MCS, we convened an advisory committee of national experts representing the full spectrum of opinion on this controversy. Within this diverse group, consensus was reached about the lack of information on the population prevalence of people who report sensitivity to a chemical, or many chemicals, or who report a physician diagnosis of MCS, and the demographic or other variables associated with these reports. We determined that a staged approach to studying the MCS phenomenon by first obtaining descriptive epidemiology of reported chemical sensitivities, then, formulating hypotheses about the condition, and, finally, testing these and existing hypotheses on carefully selected cohorts, would be the most rigorous and productive approach.
In this paper, we report the results of stage one, a population-based interview study, to our knowledge the largest such study ever conducted, of respondents' reports of sensitivities to chemicals.
MATERIALS AND METHODS
Questions regarding chemical sensitivity were constructed, pilot tested, and placed on the 1995 Behavioral Risk Factor Survey (BRFS), an annual telephone survey of randomly selected adults which collects information on a wide variety of health-related behaviors. The survey has been conducted since 1984. Details about the BRFS instrument and SAS dataset construction can be found in the California Behavioral Risk Factor Survey SAS Dataset Documentation and Technical Report (31) .
Data are collected monthly from a random sample of California adults (age >17 years) who live in households with telephones using a screened sample of telephone numbers purchased from a commercial sampling firm. The data collection instrument is a questionnaire of three parts: a relatively fixed core set of questions (some rotate on an alternate year basis), a set of topical modules developed by the Centers for Disease Control and Prevention, and a set of questions designed by the California Department of Health Services to address issues of local interest and concern. Fifteen questions, some with a branching structure, about chemical sensitivities were included in the 1995 questionnaire, which had 203 total questions.
Two response rates are calculated for the BRFS, an "upper-bound" rate and a Council of American Survey Research Organizations (CASRO) rate. The upperbound response rate indicates the proportion of eligible households contacted which resulted in a completed interview. For 1995, this rate was 70 percent. The CASRO rate assumes that some numbers that could not be reached because they resulted in busy signals or unanswered rings represent eligible households. This rate was 52 percent.
In order to assess the representativeness of the sampling process, the cumulative 1984-1995 sample was compared with California Department of Finance population estimates for the 1990 census year on several important variables. These included race and ethnicity, sex, educational level, household income, and age. Special weighting factors, albeit quite small, were developed for extrapolating the sample results to the general population.
Data analysis
We did a descriptive analysis of the 15 chemical sensitivity questions. Responses were cross-tabulated with asthma and hay fever status, and with various demographic factors, including sex, ethnicity, income, and geographic location. Symptom patterns, reported age at onset, reports of conditions restricting daily activities, doctor diagnosis of chemical sensitivity, and self-reported sensitivity to chemicals were examined in greater detail. Comparisons were also made between reported chemical sensitivity and the number of exposure scenarios which respondents said would make them sick. Finally, logistic regression was used to model the association between various demographic and health variables with physician-diagnosed and self-reported chemical sensitivity. As might be expected, environmental tobacco smoke was the exposure scenario most likely to make respondents "very sick" (7.6 percent of the total sample). Small numbers reported being made "very sick" by cologne, aftershave, or perfumes (1.8 percent of the total sample). In all, 8.3 percent of all respondents reported a health impairment (not necessarily related to chemical sensitivities) that restricted their performance of everyday activities.
RESULTS

There
It is noteworthy that 143 (56.5 percent) of the 253 respondents who reported a doctor's diagnosis of MCS or environmental illness, reported that they considered themselves unusually sensitive to everyday chemicals. Of those 143 who had both a doctor diagnosis of chemical sensitivity and a perception of unusual sensitivity to chemicals, 25 or 0.6 percent of the sample reported having a restrictive health problem. These relations and the reported number of cases for each subset are illustrated in figure 1.
Asthma and chemical sensitivities
Many investigators speculate that people with asthma experience unusual sensitivities to everyday chemicals. Others suggest that asthma is itself an expression of MCS. Whatever the etiology, our findings do suggest an association between asthma and perceived chemical sensitivity. Overall, 461 of the total BRFS respondents reported ever experiencing or being told by a doctor that they had asthma (11.4 percent). Nineteen percent of asthmatics compared with 4.6 percent of non-asthmatics reported being told by a doctor that they had environmental illness or MCS (table 1) . Similarly, self-reported allergy or sensitivity to everyday chemicals was reported by 31.5 percent of asthmatics versus 13.9 percent of non-asthmatics. Not surprisingly, more asthmatics than non-asthmatics reported being made very sick by the exposure scenarios. They also more frequently reported conditions which restricted their ability to perform everyday activities (13.7 percent of asthmatics compared with 7.6 percent of non-asthmatics). There were, nonetheless, a substantial number of respondents without asthma who report sensitivities, so respondents did not confuse asthma with "environmental disease."
Demographic characteristics
Clinic-based reports of chemical sensitivity generally indicate that middle class White females seek medical care for chemical sensitivities most frequently. In terms of ethnicity, as shown in table 2, when unadjusted by other variables, non-Hispanic Whites, Hispanics, Blacks, and Asians are quite similar with respect to doctor-diagnosed and perceived sensitivity to chemicals. Overall, a higher percentage of females did report doctor-diagnosed sensitivities (7.7 percent vs. 4.5 percent) and perceived chemical sensitivities (16 percent vs. 6.9 percent). The unadjusted relation of income to reports of chemical sensitivities (as depicted three different ways in figure 2) is not linear. A report of sensitivity to more than one chemical is most frequent in the income category <$ 10,000. In mild contrast, a report of a doctor diagnosis of MCS occurs more frequently in the higher income ranges. Additional logistic regression analyses (not shown) using dummy variables for the income categories reflected the same pattern seen in the crude analysis. None of this variation was statistically significant. Figure 3 shows the geographic distribution of cases, defined by doctor-diagnosis, perceived sensitivity to more than one chemical, and sensitivity to one or more of the exposure scenarios for the 13 California telephone area codes. Reported sensitivities are distributed fairly homogeneously throughout the state.
Age at onset and incidence
In all, 569 respondents answered that the exposure scenarios presented in questions 170-174 (excluding tobacco smoke) made them "very sick" or "a little sick." These respondents were asked to recall the age when they first noticed this sensitivity. A histogram of reported ages of onset in 10-year intervals is displayed in figure 4 . Most respondents (76.7 percent) reported age at onset at 30 years or less. By converting age at onset into year at onset, we were able to examine the yearly incidence for reported sensitivity. The average annual incidence over the past 5 years-a time interval presumed to have less recall bias-was 14. Next, I'm going to read a short list of products or situations. Please tell me if you have no problem with them, if they bother you, if they make you a little sick, or if they make you very sick. By sick, I mean they give you a headache, an upset stomach, make you dizzy, or if you don't know for sure, please tell me that. 13.7
7.6 o * Total, n = 4,046. t Asthmatics, n = 461. $ Nonasthmatics, n = 3,585.
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Symptom patterns
The same 569 respondents who reported that one or more exposure scenarios made them "very sick" or "a little sick" were also asked, "Do you usually have the same set of symptoms to the things that bother you or do you have different symptoms to different things?" Over 60 percent reported that they experienced the same symptoms, while 37.1 percent reported having different symptoms to different things. Table 3 displays the association between the number of chemicals to which the respondent reported sensitivity (Question 165) and the number of exposure scenarios in which the respondent reported becoming "a little sick" or "very sick." Subjects who reported sensitivity to one or fewer chemicals, and asthma or hayfever sufferers, who did not experience chemical sensitivities, reported being made ill by relatively few of the exposure scenarios. This is in contrast to respondents who reported allergy or unusual sensitivity to "a few" or "a lot" of chemicals. For example, 20.9 percent of those who said they were sensitive to "a lot" of chemicals also said they were made sick by three or more exposure scenarios. If extrapolated to the total California population, this 0.8 percent of the sample would represent more than 200,000 persons. Unfortunately, however, a report of sickness to three or more exposure scenarios is not an effective screening tool. Based on our data, using three or more reported scenarios as a proxy for self-reported sensitivity would have a specificity of 99.4 percent, but a sensitivity of only 14.5 percent. • Age at Onset of Sensitivity FIGURE 4. Age at onset of sensitivity* to everyday products among adults (age >17 years) in the 1995 California Behavior Risk Factor Survey. *Sensitivity to everyday products is defined as being made sick or very sick by exposure to perfume, detergent, hair, carpet, or newsprint. Age at onset of sensitivity is only asked if respondents indicated sensitivity to one of the above exposures. **n = 569 for sensitivity to products; n = 529 for age at onset. Some respondents refused to state or did not know their age at onset of sensitivity. Reported Chemical Sensitivity in a Population-based Survey 9
Logistic regression coefficients for various reported outcomes
Logistic regression models were created to examine adjusted predictors of doctor-diagnosed environmental illness/multiple chemical sensitivity and perceived chemical sensitivity to more than one type of chemical. Odds ratios and confidence intervals are shown in Odor is a sensory characteristic of chemicals and is poorly correlated with toxicity (34) . Thus, these estimates of chemical sensitivity based on reports of illness due to odors have little validity. Kippen et al. (35) have proposed measuring chemical sensitivity prevalence using a questionnaire which asks whether each of 122 common substances caused symptoms. While most of the substances had associated odor and irritant characteristics, subjects were not asked to describe the qualities of the chemicals that made them symptomatic. After administering this instrument to a limited range of clinic populations, they reported a positive predictive value for multiple chemical sensitivity (as defined by their research protocol) of 26 percent and a negative predictive value of 98 percent (35) . There are no studies published on the use of this instrument in the general population.
We began this study with the expectation that chemical sensitivity sufferers might be described by at least four dimensions, each with a range of potential responses. We attempted to ask questions about the number of chemicals to which respondents believe they are sensitive, the range and severity of symptoms attributed to chemical exposure, the functional impairment caused by the sensitivity, and the life-style changes instituted due to a perception of chemical sensitivity. The present instrument approached these dimensions crudely due to time constraints. We suggest that the 25 individuals (0.6 percent of the sample) who reported a perception of unusual sensitivity to chemicals, a physician's diagnosis of chemical sensitivity, and a health problem that restricts their daily activities might be the closest to those described as MCS sufferers in medical clinic settings. We hope to ask more detailed questions about each of the aforementioned dimensions in a future study with expectations of gaining greater discrimination and insight into this condition.
As noted earlier, clinic-based studies of multiple chemical sensitivities have suggested that middle to upper middle class white females were more likely to present at a clinic for evaluation. Bell et al. (36) stated that women outnumber men as El (environmental illness) patients by a ratio of 2:1. Ashford and Miller (37) reported that 70-80 percent of individuals who are not part of an exposed cohort (e.g., industrial workers or tight building occupants) are female; 50 percent are 30-50 years old and usually white, middle to upper middle class, and professionals.
Our study of a California population-based sample indicates that reports of doctor-diagnosed multiple chemical sensitivity and self-assessed unusual sensitivity to chemicals are distributed more homogeneously across racial/ethnic, geographic, education, marital status, and employment status categories. This homogeneous distribution of reports of chemical sensitivity might suggest a universal etiology or mechanism by which this perception occurs. A physiologic mechanism might explain this kind of universal report. If such reports were due to shared cultural or sociologic characteristics, one might expect greater variability in reporting by geographic, race/ethnicity, income, or education categories. However, given the cultural homogenizing effects of the media, the economy, and the educational system, commonly shared psychosocial mechanisms could account for these findings as well.
Of the 253 people who reported doctor-diagnosed environmental illness/MCS, the 109 people (a surprising 43.5 percent) who also did not report unusual chemical sensitivity are difficult to explain. There may have been some difficulty in understanding the questions which resulted in the apparent disagreement between the patient's report of a physician's diagnosis nosis in the smaller clinic population much greater than 6 percent of the time. While this is not the experience of the authors, it could be confirmed through a survey of physicians or examination of ambulatory care surveys. Particularly surprising are the extrapolated large numbers of people in California who report unusual sensitivities to many chemicals and who would be made very sick by common everyday exposures. For example, 163 (4 percent) of the sample reported unusual sensitivity to a lot of chemicals. This would represent 967,000 people of the 24,000,000 people in California over age 18 years. In addition, a range of 0.4 percent to 1.8 percent of the total sample reported being made very sick by "reading freshly printed newspaper" to "cologne aftershave or perfume," respectively. This, in turn, would represent between 96,000 and 432,000 people in California who report being made "very sick" by these common exposures. Finally, the 0.6 percent of the total sample who reported a doctor-diagnosis of MCS, sensitivity to chemicals, and a restrictive health condition corresponds to 144,000 Californians.
Responses to these screening questions are very provocative, but do not offer an opportunity to explore in greater detail the subjective basis for these reports or their functional consequences and correlates. We did not ask questions to differentiate between those people who reported sensitivities on the basis of a consistent response to exposures versus those who reported sensitivities on the basis of a belief that chemicals are bad for one's health. We did not try to ascertain if there were sensory characteristics, such as odor or taste, or irritancy, that were associated with the report of sensitivity. We also did not explore the temporal relation between exposure and symptoms and how the respondent came to attribute symptoms to chemicals.
In conclusion, a surprisingly large number of respondents to a population-based survey reported a doctor's diagnosis of environmental illness or MCS. An even larger number reported allergies or unusual sensitivity to everyday chemicals. The sample represents a very large number of Californians who are adversely affected by common chemical exposures.
The homogeneity of responses across race/ethnicity, geography, education and marital status and the lack of trend by income are compatible with a physiologic response or with rather widespread societal apprehensions to chemical exposure. The physiologic response could be toxocologic in origin or could be compatible with a conditioned aversive response to sensory characteristics of the chemicals. Describing this phenomenon and resolving the controversies about its hypothesized etiologies will not be easy.
We believe careful subsampling of this kind of population-based sample and administering more detailed questions and selected biomedical and neuropsychological tests will yield useful insights.
